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whereas	 corn	 starch	 is	mainly	 imported	 to	Nigeria	with	 importation	
cost	of	about	15	million	USD	in	2010.
Cassava	(Manihot esculenta	Crantz)	is	a	woody	shrub	that	contains	
edible	 root	with	 life	 cycle	of	more	 than	2	years.	 It	 is	 a	 rich	 source	of	























2006;	Yuan	 et	al.,	 2009).	 The	 functional	 properties	 also	 depend	 on	
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the	source	of	starch,	presence	of	various	ingredients,	and	processing	
conditions.	The	functional	properties	of	protein	are	affected	by	both	
intrinsic	 and	 extrinsic	 factors.	 Some	 of	 the	 intrinsic	 factors	 are	 the	






crease	 its	protein	content.	Okoye	 (2008)	 studied	 the	nutrient	compo-





















2.3 | Formulation of TMS 30572 cassava starch 







2.4 | Determination of functional properties
2.4.1 | Least gelation concentration determination
The	method	of	Coffman	and	Garcia	(1977)	was	used	for	least	gelation	
determination.






2.4.4 | Water absorption capacity determination
The	method	described	by	Lin,	Lin,	Lin,	and	Chou	(2006)	was	used	for	
determining	the	water	absorption	capacity	(WAC).
2.4.5 | Swelling power and solubility index 
determination
The	 method	 described	 by	 Hirsch	 and	 Kokini	 (2002)	 was	 used	 for	
swelling	power	and	solubility	index	determination.
2.5 | Pasting properties determination
Pasting	 properties	 were	 determined	 with	 the	 Rapid	 Visco	 Analyser	
(RVA)	(model	RVA	3D+,	Network	Scientific,	Australia)	using	the	method	
described	by	Maziya-	dixon,	Adebowale,	Onabanjo,	and	Dixon	(2005).




pended	 in	70	ml	of	water	 in	a	plastic	container	 to	make	thin	slurry.	





Untrained	 30	 members	 panelists	 (both	 male	 and	 female)	 from	 the	









(ANOVA)	 procedure	 of	 SPSS	 version	 15.0	 (SPSS	 Inc.,	 2006)	 at	 5%	
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significant	 level	and	means	were	separated	using	Duncan’s	multiple	
range	tests.
3  | RESULTS AND DISCUSSION









to	 form	a	gel.	There	was	 increase	 in	LGC	as	SPI	 inclusion	 increased	
with	100%	CS	having	 the	 least	mean	value,	while	80%	CS:20%	SPI	














Dispersibility	 ranged	 from	56.00%	 to	 65.50%.	Dispersibility	 is	 a	
property	 that	 indicates	 the	 rate	of	 reconstitution	of	 flour	 sample	 in	
water.	Increase	in	SPI	caused	decrease	in	dispersibility	of	the	blends	










the	cause	of	this	 lump	formation,	but	 if	 immediate	energy	is	applied	
at	 the	beginning	of	 the	mixing	period	to	enhance	homogeneity,	 this	
inconsistency	causing	lump	formation	may	be	prevented	or	reduced.
Water	 absorption	 capacity	 measures	 the	 amount	 of	 water	 held	
by	the	protein	matrix	at	room	temperature.	Water	absorption	capac-
ity	ranged	from	0.96	to	1.34	g/g,	100%	CS	had	the	lowest	and	80%	
CS:20%	 SPI	 had	 the	 highest	mean	 value.	 The	 observed	 increase	 in	











with	 the	 findings	 of	 Agunbiade	 and	 Longe	 (1999)	 and	 Adebowale,	









Solubility	 index	 increased	with	 increase	 in	 temperature,	 but	 de-
creased	with	 increase	 in	SPI	 inclusion.	Solubility	 is	 the	percentage	of	
TABLE  1 Functional	properties,	pH,	and	protein	content	of	TMS	30572	cassava	starch	(CS)	powder	and	soy	protein	isolate	(SPI)	blends
CS:SPI LGC (%) Dispersibility (%)
Packed bulk density 
(g/ml) WAC (g/g) pH Protein (%)
100:0 2.00 ± 0.00a 65.5 ± 0.71d 0.76 ± 0.02d 0.96	±	0.03a 4.69	±	0.01a 0.95	±	0.13a
95:5 5.00 ± 1.41b 60.00 ± 0.00c 0.42 ± 0.00c 0.96	±	0.06a 5.66 ± 0.01c 1.53 ± 0.00b
90:10 6.00 ± 0.00bc 59.00	±	1.41c 0.41 ± 0.01c 1.10 ± 0.01b 6.13 ± 0.02d 6.05 ± 0.13c
85:15 7.00 ± 1.41bc 58.00a ± 0.00bc 0.39	±	0.01c 1.16 ± 0.02b 6.37 ± 0.02e 8.02	±	0.13d
80:20 8.00	±	0.00c 56.00 ± 0.00b 0.37 ± 0.00b 1.34 ± 0.05c 6.58	±	0.00f 9.99	±	0.25e
100:0	(R) 3.00 ± 1.41a 65.00 ± 1.41d 0.77 ± 0.00d 0.97	±	0.01a 4.72 ± 0.03b 1.09	±	0.00ab
90:10	(R) 6.00 ± 0.00bc 59.00	±	1.41c 0.41 ± 0.01c 1.10 ± 0.01b 6.14 ± 0.01d 5.84	±	0.25c
80:	20	(R) 8.00	±	0.00c 56.00 ± 0.00b 0.37 ± 0.00b 1.33 ± 0.03c 6.58	±	0.01f 9.77	±	0.33e
Values	are	mean	±	standard	deviation.	Mean	values	(n	=	2)	having	different	superscript	alphabets	in	the	same	column	are	significantly	different	(p	<	.05).	
CS,	cassava	starch;	SPI,	soy	protein	isolate;	LGC,	least	gelation	concentration;	WAC,	water	absorption	capacity,	(R),	duplicate	of	trial	according	to	design.
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Also,	 increase	 in	solubility	 index	of	the	fortified	custard	paste	as	
SPI	inclusion	increased	observed	in	this	study	may	be	due	to	the	SPI’s	
pH	which	is	above	the	isoelectric	point	of	protein.	Previous	work	has	
expressed	 increase	 in	 solubility	 of	 material	 when	 solution	 is	 main-




among	 the	 protein	 molecules	 (Adebowale	 et	al.,	 2005;	 Pelegrine	 &	























































































viscosity (RVU) Peak time (min)
Pasting 
temperature (°C)
100:0 279.42	±	10.02f 117.63 ± 3.47e 161.79	±	13.49d 153.88	±	5.37f 36.25	±	1.88d 4.04 ± 0.23a 75.93	±	1.17b
95:5 236.96	±	3.83e 112.96	±	1.59e 124.00 ± 5.42c 145.38	±	1.83f 32.42 ± 0.23c 4.20 ± 0.00a 75.88	±	0.11b
90:10 200.92	±	1.18d 99.04	±	5.36d 101.88	±	4.18b 128.67	±	4.24e 29.63	±	1.12bc 4.24 ± 0.05a 77.10 ± 0.57b
85:15 172.54	±	3.59c 85.46	±	7.48bc 87.08	±	3.89a 112.84	±	8.01cd 27.38	±	0.53ab 4.20 ± 0.00a 76.78	±	0.04b
80:20 155.38	±	5.13b 77.13 ± 4.66b 78.25	±	0.47a 101.88	±	4.89bc 24.75 ± 0.24a 4.20	±	0.09a 76.30	±	1.69b
100:0	(R) 265.83	±	9.19f 116.92	±	4.48e 148.92	±	4.72d 152.71 ± 7.01f 35.79	±	2.53d 4.17	±	0.49a 76.78	±	0.04b
90:10	(R) 193.08	±	9.89d 89.75	±	7.77cd 103.33 ± 2.12b 120.46 ± 7.37de 30.71 ± 0.41c 4.20	±	0.09a 76.68	±	0.04b
80:	20	(R) 155.67 ± 2.71b 75.21	±	0.88b 80.96	±	2.89a 98.67	±	1.06b 24.46	±	1.59a 4.17 ± 0.05a 75.68	±	0.25b
Values	 are	mean	±	standard	 deviation.	Mean	 values	 (n	=	2)	 having	 different	 superscript	 alphabets	within	 the	 same	 column	 are	 significantly	 different	
(p	<	.05).	CS,	cassava	starch;	SPI,	soy	protein	isolate;	(R),	duplicate	of	trial	according	to	design.





CS:20%	 SPI	 inclusion	may	 be	 desirable	 for	 infant	 consumption	 be-
cause	of	the	less	dense	paste	viscosity.





Setback	 is	 also	 a	 condition	 that	 affects	 the	 stability	 of	 starch	
paste.	Increase	in	SPI	inclusion	led	to	decrease	in	setback	viscosity	
of	 fortified	CS-	based	custard.	This	probably	suggests	 that	 fortified	
custard	will	have	higher	 resistance	 to	 retrogradation	and	syneresis	
effect	may	be	 reduced,	 as	 reported	 that	high	 setback	viscosity	 in-
dicates	 lower	 resistance	 to	 retrogradation	 (Sanni	&	Ayinde,	 2002).	
This	may	be	due	to	the	slower	realignment	of	the	starch	molecules	
in	 the	 blends	 because	 of	 the	 reduced	 amylose	 content,	 thereby	






Table	3	 shows	 the	Pearson’s	 correlation	matrix	 between	pasting	
properties	of	variety	TMS	30572	fortified	cassava	starch-	based	cus-
tard,	 protein,	 and	 pH.	 Inverse	 relationship	 was	 observed	 between	
protein	 and	 the	 pasting	 profile	 of	 fortified	 CS-	based	 custard	 (peak	
viscosity,	 trough	 viscosity,	 final	 viscosity,	 breakdown	 viscosity,	 and	






3.3 | Sensory properties of blends of TMS 30572 CS 
powder and SPI
Sensory	attributes	of	blends	of	TMS	30572	CS	and	SPI	custard	in	com-
parison	with	 corn	 starch	 custard	 is	 presented	 in	Table	4.	There	was	
significant	difference	in	the	sensory	attributes	of	corn	starch	custard	
and	custards	from	cassava–soy	protein	isolate	blends	(p	<	.05),	except	
flavor	 and	 consistency.	 Sensory	 evaluation	measures,	 analyses,	 and	
interprets	 human	 reactions	 to	 characteristic	 of	 foods	 and	materials	
TABLE  3 Pearson’s	correlation	matrix	between	pasting	properties	of	variety	TMS	30572	fortified	cassava	starch-	based	custard,	protein,	and	pH





Breakdown 0.99** 0.91** 1.00
Final 0.97** 0.99** 0.92** 1.00
Setback 0.95** 0.93** 0.93** 0.95** 1.00
Protein −0.97** −0.97** −0.94** −0.97** −0.94** 1.00
pH −0.97** −0.91** −0.98** −0.92** −0.93** 0.93** 1.00
**Correlation	is	significant	at	the	0.01	significant	level	(two-	tailed).
TABLE  4 Sensory	properties	of	blends	of	TMS	30572	cassava	starch	powder	and	soy	protein	isolate	(SPI)
CS:SPI Appearance Flavor Consistency Taste Overall acceptability
100:0 6.26 ± 1.66a 5.93	±	1.70a 5.26	±	1.38a 5.66 ± 1.34a 6.06	±	1.90a
95:5 5.80	±	1.08a 6.80	±	1.20a 6.26 ± 1.22a 5.86	±	0.91a 6.33	±	0.89ab
90:10 5.93	±	1.03a 6.26 ± 1.16a 5.66 ± 1.11a 5.66 ± 1.34a 5.93	±	1.33a
85:15 6.26 ± 0.70a 6.60 ± 1.05a 6.00 ± 1.77a 5.93	±	1.53a 6.86	±	1.55ab
80:20 6.13	±	0.83a 6.46	±	0.83a 5.86	±	0.99a 5.73 ± 1.03a 6.40	±	0.98ab
100:0 5.73 ± 2.05a 6.00 ± 1.51a 5.93	±	1.27a 5.46 ± 1.30a 5.86	±	1.35a
90:10 6.06 ± 1.43a 6.00 ± 1.46a 6.12 ± 1.20a 6.06	±	0.85a 6.56 ± 1.26ab
80:20 6.41 ± 1.22a 6.82	±	1.46a 6.00 ± 1.41a 6.23 ± 1.25a 6.52 ± 1.17ab
Corn	starch	custard 7.50 ± 1.00b 6.83	±	1.64a 6.25 ± 0.75a 7.33 ± 1.37b 7.41 ± 1.24b
Values	are	mean	±	standard	deviation.	Mean	values	having	different	superscript	alphabets	within	the	same	column	are	significantly	different	(p	<	.05).	CS,	
cassava starch.
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perceived	by	the	senses	of	sight,	smell,	taste,	touch,	and	hearing	(Stone	
&	Sidel,	1993).
















Taste	 is	 another	 attribute	 that	 determines	 the	 acceptance	 of	 a	
food	 product.	 Significant	 difference	 (p	<	.05)	 was	 observed	 in	 the	
taste	of	the	gruels.	The	mean	score	for	the	taste	perception	by	the	
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